There is no established modality to repair kidney damage resulting from ischemia-reperfusion injury (IRI). Early responses to IRI involve lymphocytes, but the role of B cells in tissue repair after IRI is unknown. 
Ischemia is a leading cause of acute kidney injury (AKI) in both native kidneys and allografts. In allografts, ischemic AKI frequently results in delayed graft function. 1 Many studies have demonstrated that both innate and adaptive immune responses are involved in the pathogenesis of renal injury after renal ischemia-reperfusion injury (IRI). 2, 3 On the basis of traditional concepts of adaptive immunity, lymphocytes were not expected to play an important role in the early renal injury after IRI; however, T cells were found to mediate the early phase of IRI in kidney and in other organs, both directly and indirectly. 4 -6 B cells also seem to participate in the early injury response of renal IRI, 7 and B cell products are also important in early IRI response in skeletal muscle. 8 B cells have been identified as important mediators of various autoimmune diseases, such as experimental allergic encephalomyelitis (EAE), collagen-induced arthritis, and inflammatory bowel disease. 9 -11 In EAE, B cells seem to function as antigen-presenting cells during the initiation phase. 12, 13 In a recent report, B cells were involved in both initiation and progression of EAE. 14 Clinical trials using mAb to CD20 expressed on B cells have suggested beneficial effects in autoimmune diseases such as rheumatoid arthritis, lupus erythematosus, and multiple sclerosis. [15] [16] [17] [18] Although ischemic AKI and autoimmune disease are traditionally viewed as different disease categories, they share a crucial feature: A prominent immune/inflammatory response.
It was previously shown that B cells traffic into chronically inflamed organs, activate and form ectopic germinal centers, and locally differentiate to plasma cells. 19, 20 A number of studies have demonstrated that B cells infiltrate into renal allografts and contribute to rejection 21, 22 ; however, the exact role of B cells that have infiltrated into renal allografts is still unclear. Some studies reported that B cells could cause transplant acute cellular rejection as well as humoral rejection and increase the risk for graft failure independent of C4d peritubular deposition, 23, 24 whereas other studies have not shown this clinical correlation. 25, 26 One recent article characterized intragraft B cells during renal allograft rejection: Both mature B cells and interstitial plasmablasts correlated with circulating donorspecific antibody concentration and poor response to steroid therapy during rejection. 27 The presence of mature B cells was associated with reduced graft survival.
On the basis of recent advances in studies of B cells in autoand alloimmune diseases, the increasingly recognized pathogenic role for lymphocytes in IRI, and lack of treatment to augment repair, we tested the hypothesis that B cells modulate the repair process after kidney IRI. We analyzed the numbers and phenotypes of kidney-infiltrating B cells and the expression of B lymphocyte chemoattractant (BLC) during the repair phase. We found marked trafficking of B cells into the postischemic kidney during repair, with a distinct phenotype at different time points, along with increased BLC expression. We then evaluated the renal repair status of control (wild-type) mice, mature B cell-deficient (MT) mice, MT mice with adoptive B cell transfer, and MT mice with serum transfer. We found that B cells modify tubular repair and proliferation. Finally, we targeted CD126-expressing plasma cells with an anti-CD126 antibody and found a significant improvement in tissue repair after IRI.
RESULTS

B Cells Trafficked into the Postischemic Kidneys and Differentiated into Plasma Cells
The number of total kidney mononuclear cells (KMNCs) was highest in the postischemic kidneys on day 3 after IRI (contralateral versus postischemic kidneys, 0.59 Ϯ 0.04 versus 1.01 Ϯ 0.05 ϫ 10 6 per pair of kidneys; P Ͻ 0.05). The number of total KMNCs did not differ between contralateral and postischemic kidneys on days 1, 10, 12, and 28 after IRI (data not shown); however, an increased number of mature B cells (expressing both CD19 and CD21) trafficked into the postischemic kidneys during the repair phase ( Table 1 ). The percentage of B cells in the postischemic kidneys was the highest on day 3 after IRI and decreased over time (Figure 1) . BLC, measured in kidney protein extract, was increased on day 1 after IRI. Postischemic kidneys expressed higher BLC protein than contralateral kidneys on days 1 and 10 after IRI (Figure 1 ). Both maturation and activation status of infiltrating B cells were evaluated with several surface markers including IgM, MHC class II, CD21, CD38, CD40, CD69, CD126, and CD138. MHC class II expression on B cells trafficked into the postischemic kidneys was highest on day 3 after IRI, whereas CD69 (activation marker) expression on B cells remained elevated throughout the repair phase ( Figure 2 , Table 1 ). We used anti-CD138 antibody and anti-CD126 antibody to identify plasma cells. Plasma cells appeared on day 3 and reached peak numbers on day 10 after IRI, then decreased over time ( Figure 2 ). There was no difference in the expression of CD38 (surface marker for plasmablasts) and CD40 (surface marker reacting with CD40L on T cells) on B cells trafficking into postischemic kidneys at various time points of the repair phase (data not shown). The percentage of total T cells among KMNCs markedly increased over time in the postischemic kidneys (Table 1) .
B-1 B Cells Trafficked into the Postischemic Kidneys
B-1 B cells, a minor subset of B cells abundant in the peritoneal cavity, were examined with anti-CD5 antibody and anti-IgM antibody. The percentage of B-1 B cells among total B cells in the kidneys was very low before IRI and remained low until day 3 after IRI; however, the percentage of B-1 B cells markedly increased in the postischemic kidneys on day 10, then decreased over time ( Figure 3 , Table 1 ). The tubular proliferative index was highest in the wild-type postischemic kidneys on day 3 after IRI, which decreased with time afterward. The tubular proliferative index was significantly higher in the postischemic kidneys of MT mice compared with both control and B cell-transferred MT mice throughout the repair phase, and the difference of the tubular proliferative index was most prominent in the cortex on day 3 after IRI ( Figure 5 ). Adoptive transfer of B cells into MT mice led to reduced tubular proliferation compared with MT mice. Tubular damage evaluated with hematoxylin and eosin (H&E) staining was similar between groups on day 3; however, on day 10, postischemic kidneys of MT mice had significantly less tubular damage than control mice ( Figure 6 ). On day 28, tubular atrophy and regeneration were evaluated on the postischemic kidneys with three different stains: H&E, Masson's trichrome, and periodic acid-Schiff. Postischemic kidneys of MT mice had reduced tubular atrophy and a higher number of normal tubules compared with control mice. B cell transfer led to more tubular atrophy and a reduced number of normal tubules in MT mice ( Figure 6 ). Postischemic kidneys of MT mice expressed significantly higher IL-10 and vascular endothelial growth factor (VEGF) compared with wild-type control mice on day 10 after IRI (Figure 7) . On day 28, IL-10 expression was still higher in the post- ischemic kidneys of MT mice. The expression of IL-2, IL-6, RANTES (CCL5), and macrophage inflammatory protein 1b (MIP-1b) was higher on day 10, whereas the expression of basic fibroblast growth factor was lower on day 28 in the postischemic kidneys of MT mice compared with control mice. Adoptive transfer of B cells decreased the expression of IL-10, RANTES, and MIP-1b in the postischemic kidneys of MT mice ( Figure 7 ).
The total number of KMNCs was not different between MT and B cell-transferred MT mice (data not shown). The percentages of total T cells, CD4 T cells, and CD8 T cells were similar between MT and B cell-transferred MT mice (Table 2) .
Anti-mouse CD126 Antibody-Treated Mice Had Less Tubular Atrophy on Day 28 after Renal IRI
Given that CD126-expressing plasma cells were infiltrating into postischemic kidney during repair, we hypothesized that targeting plasma cells could alter the repair process. On day 10 after IRI, there was no difference in tubular damage between anti-mouse CD126 antibody (MR16-1) and control Ig (rat IgG)-treated mice; however, postischemic kidneys of MR16-1-treated mice had a higher rate of tubular proliferation on day 10 and the tubular proliferative index of MR16-1-treated mice remained higher than control IgG treated mice on day 28 after IRI. Importantly, postischemic kidneys of MR16-1-treated mice exhibited reduced tubular atrophy compared with control IgG-treated mice on day 28 after IRI ( Figure 8 ).
Adoptive B Cell Transfer and MR16-1 Treatment Influenced Renal Function on Day 28 after Renal IRI We measured serum cystatin C level to assess renal functional impairment on day 28 after left renal IRI. Mouse serum cystatin C has been reported as a reliable marker for renal function in mouse AKI models that could be better than serum creatinine levels. 28, 29 B cell-transferred MT mice showed a tendency toward increased serum cystatin C level compared with MT mice (control versus MT mice versus B celltransferred MT mice, 961.1 Ϯ 40.6 versus 944.3 Ϯ 22.6 versus 1072.0 Ϯ 57.9 ng/ml; P ϭ 0.083 between MT mice and B celltransferred MT mice). MR16-1-treated mice had lower serum cystatin C level than control IgG-treated mice (control IgG versus MR16-1-treated mice, 1222.4 Ϯ 109.4 versus 876.2 Ϯ 77.8 ng/ml; P Ͻ 0.05; Figure 9 ).
Serum IgM Level Increased with Time after Renal IRI
Serum IgM levels were significantly higher on day 28 after left renal IRI. In MT mice, serum IgM was undetectable on day 28 after IRI, and adoptive B cell transfer restored serum IgM ( Figure 10 ). MR16-1 treatment significantly reduced serum IgM production after IRI.
Heat-inactivated serum extracted from mice that underwent sham operation (sham serum) and from mice that underwent renal IRI (IRI serum) was transferred into MT mice on day 1 after IRI. Both MT mice with sham serum and MT mice with IRI serum showed increased tubular atrophy in medulla of postischemic kidneys on day 28 compared with MT BASIC RESEARCH www.jasn.org
DISCUSSION
Our study demonstrates that B cells modulate kidney repair after IRI. B cells migrate into the postischemic kidney during the repair phase, with specific changes in populations and activation status with time. B cell deficiency reduces renal tubular atrophy by enhancing tubular proliferation. Adoptive transfer of B cells into MT mice increases renal tubular atrophy and reduces tubular proliferation in MT mice, demonstrating that the altered tubular atrophy and proliferation in MT mice were indeed due to B cell deficiency. Targeting infiltrating CD126-expressing plasma cells using anti-CD126 antibody led to reduced tubular atrophy with enhanced tubular proliferation and reduced functional impairment. These data are the first demonstration of a role for B cells in repair from kidney warm IRI and reveal the promise of targeting B cells to improve clinical outcomes in this common condition.
We initially studied B cell infiltration into the postischemic kidneys to look for evidence supporting a role for B cells in the repair process. The maximum increase in mature infiltrating B cells occurred at day 3 and returned to control levels by day 10. T cell trafficking into the postischemic kidneys was markedly increased at day 10 and remained increased during the late repair phase up to day 28. That B cell trafficking preceded T cell trafficking during repair suggests that B cells could be involved in regulating T cell infiltration and expansion in postischemic kidney. An important role of B cells as antigen-presenting or co-stimulatory cells was also reported in animal models of autoimmune disease 30 ; however, adoptive B cell transfer into MT mice did not affect T cell trafficking into the postischemic kidneys, suggesting that B cells could be acting on tubular repair independent of T cell trafficking.
On day 10, there was a peak in plasma cells and B-1 B cells in the postischemic kidneys. Intragraft plasma cells were found to correlate with circulating donor-specific antibodies in a recent clinical study 27 ; however, our IRI model was alloantigen independent. There is evidence that B-1 B cells are involved in initiation of early injury in a murine intestinal IRI model but not in repair. 31 A recent clinical report also suggested an important role of B cells expressing both CD19 and CD5 (expressed on B-1 B cells) in the pathogenesis of primary IgA nephropathy. 32 After finding B cell trafficking in postischemic kidney during repair, we examined the expression of a BLC that could be involved in recruiting the B cells. BLC is a 16-to 18-kD member of the ␣-or CXC family of chemokine and induces migration of both naive B cells and B-1 B cells. 33, 34 The important role of BLC as a B cell chemoattractant is supported by a report demonstrating that overexpression of CXCR5, the receptor for BLC, was sufficient to overcome antigen-induced B cell movement to the T cell zone. 33 BLC expression in the postischemic kidneys was significantly increased after renal IRI, remained elevated during the repair phase, and could have mediated the B cell trafficking.
Given that B cells were trafficking into postischemic kidney, with a distinct phenotypic change with time and an upregulation of BLC, we hypothesized that B cells directly modulate the repair process from kidney IRI. We therefore examined repair from kidney IRI in MT mice. Ki-67 immunostaining was used to evaluate tubular proliferation; this staining was previously reported as a useful and accurate tool in assessing renal tubular proliferation. 35, 36 At day 3, there was no difference in the tubular injury of postischemic kidneys between wild-type control and MT mice; however, at day 10, there was greater tubular proliferation and reduced tubular injury in MT mice. To test whether these changes in the MT mice were due to the absence of B cells, we adoptively transferred B cells into the MT mice. With adoptive transfer of B cells, the MT mice regained tubular proliferation and tubular injury similar to wild-type control mice, demonstrat- ing that it was indeed the B cells that were mediating this effect on postischemic kidney repair. Renal tubular cells in the cortex of postischemic kidneys after blood flow has returned to near normal levels have been suggested as an early site of repair processes during AKI. 37 In MT mice, the tubular proliferative index of postischemic kidneys was significantly higher than control mice on day 3, and this may have led to less tubular damage of postischemic kidneys compared with control mice on day 10 after IRI. On day 28 after renal IRI, postischemic kidneys of MT mice had reduced tubular atrophy and more normal tubules than control mice, which may have resulted from higher tubular proliferation of MT mice on day 10. B cell deficiency has also been reported to attenuate liver fibrosis in a murine CCl 4 -induced liver fibrosis model. 38 Adoptive transfer of B cells into MT mice in our study resulted in a marked decrease of the tubular proliferative index of postischemic kidneys, and tubular damage and atrophy were comparable to control mice. Adoptively transferred B cells trafficked into the postischemic kidneys and differentiated into plasma cells. B cell transfer also affected intrarenal cytokine expression. Postischemic kidneys of MT mice expressed higher IL-10 on days 10 and 28 and higher VEGF on day 10 after IRI. A protective role of IL-10 in renal IRI has been suggested in several studies, 39 -42 and a beneficial effect of VEGF on renal IRI has also been reported. 43, 44 After adoptive B cell transfer into MT mice, renal expression of these cytokines was reduced to a level comparable to control mice. We also investigated the degree of fibrosis using Masson's trichrome staining on day 28 and found discordant effects of B cells on fibrosis compared with tubular atrophy. Future studies that examine fibrosis more carefully at various and later time points would be useful in evaluating the influence of B cell manipulation on fibrosis after AKI.
One of the unexpected findings was the increase in kidney-infiltrating plasma cells expressing CD138 and CD126 (IL-6 receptor) during repair, particularly at day 10. Intrarenal plasma cells were recently implicated in humoral rejection. 27 We tested the functional significance of plasma cells during repair from IRI using MR16-1 given at day 1 after IRI (rather than before or at the time of ischemia so as not to interfere with early injury mechanisms). MR16-1 is known to bind and block both soluble and membrane-bound types of IL-6 receptor. 45 The postischemic kidneys of MR16-1-treated mice did not show any difference in tubular injury on day 10; however, there was less tubular atrophy on day 28 after renal IRI with MR16-1 treatment compared with control mice. The tubular proliferative index of postischemic kidneys of MR16-1-treated mice was already higher than control mice on day 10 and remained so on day 28 after IRI. The beneficial effect of MR16-1 has been reported in other disease models in which B cells contribute to the pathogenesis, such as collagen-induced arthritis and Castleman disease, and in a murine autoimmune kidney disease model. 46 -48 Although CD126 is not entirely specific for plasma cells, CD126 is strongly expressed on plasma cells and relatively weakly expressed on other leukocytes. 49 Plasma cells may function in renal IRI in a manner distinct from their role in secreting Igs; however, we cannot exclude the possibility that Ki-67 immunohistochemistry of renal cortex. The tubular proliferative index of MT mice was higher than both control and B cell-transferred MT mice in the cortex throughout the repair phase and also in the medulla on days 3 and 10 after IRI. The cells stained reddish-brown represent Ki-67-positive cells, which reflect the proliferation process. MT-B mice were MT mice that underwent adoptive B cell transfer on day 1 after renal IRI. *P Ͻ 0.05 versus control mice; **P Ͻ 0.001 versus control mice. Magnification, ϫ200.
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We measured serum IgM to check the possibility of humoral effects of B cells during the repair phase of ischemic AKI and found that serum IgM level increased with time after unilateral IRI. MR16-1 treatment significantly reduced serum IgM production in wild-type control mice after unilateral IRI. Our data suggest that IRI, even unilateral, induces humoral responses well into the repair phase. Heat-inactivated serum from the wild-type control mice that underwent IRI or sham operation was transferred into MT mice on day 1 after IRI to assess the effects of soluble factors generated by B cells on repair status. Serum-transferred MT mice, either from sham-operated mice or from mice that underwent IRI, had more tubular atrophy than MT mice in medulla. These data suggest that humoral components may enhance tubular atrophy after IRI. Further study is required to elucidate the exact nature of the humoral factor during the repair phase after kidney IRI and, if it turns out to be an antibody, how this antibody works.
These studies demonstrate that B cells traffic into the postischemic kidneys in the absence of alloantigen stimulation and modulate the repair process after IRI. B cells influence tubular atrophy and regeneration, and blocking CD126 improves repair from IRI. It already has been reported that B cell infiltration is involved in allograft rejection and poor graft survival. [22] [23] [24] Our data demonstrate that warm kidney IRI, independent of alloresponses, can cause B cell trafficking to the renal allograft and alter tubular repair process. Furthermore, modulating B cells and targeting CD126 represent a novel way to improve clinical outcomes from kidney IRI.
CONCISE METHODS
Mice C57BL/6J and MT (B cell-deficient) mice were purchased from the Jackson Laboratory (Bar Harbor, ME). MT mice were generated from homozygous mutation of the Igh-6 tm1Cgn and lack mature B cells expressing IgM. All mice were approximately 7-to 10-week-old males and were housed in a specific pathogen-free barrier facility. The Johns Hopkins University Animal Care and Use Committee approved all studies.
Renal Ischemia-Reperfusion Model
Mice were anesthetized with an intraperitoneal injection of sodium pentobarbital (75 mg/kg). After abdominal midline incision, left renal pedicle was bluntly dissected and clamped with a microvascular clamp (Roboz Surgical Instrument, Gaithersburg, MD) for 45 minutes. This ischemic time was On day 3 after IRI, there was no difference in tubular damage among the three groups. On day 10 after IRI, postischemic kidneys of MT mice showed significantly less tubular damage than control mice (n ϭ 7 to 9 per group). (C) Tubular atrophy on day 28 after renal IRI. On day 28, MT mice showed less tubular atrophy and more normal tubules, whereas B cell-transferred MT mice exhibited more tubular atrophy and fewer normal tubules compared with MT mice (n ϭ 5 to 10 per group). MT-B mice were MT mice that underwent adoptive B cell transfer on day 1 after renal IRI. *P Ͻ 0.01 versus control mice; **P Ͻ 0.001 versus control mice; †P Ͻ 0.05 versus MT mice. Magnification, ϫ200.
chosen after preliminary experiments, in which 30 minutes of ischemia led to too mild histologic response on days 10 and 28 and 60 minutes of ischemia led to too severe histologic injury. During the procedures, mice were kept well hydrated with warm sterile saline at a constant temperature (37°C). After the clamps were removed, the wounds were sutured and the mice were allowed to recover with free access to food and water. Cohorts of mice were killed on days 1, 3, 10, 12, and 28 after surgery. Both postischemic kidneys and contralateral (right, untouched) kidneys were collected and compared.
Flow Cytometry Analysis of KMNCs
KMNCs were isolated according to the method previously described. 50 Briefly, decapsulated kidneys were immersed in RPMI buffer (Mediatech, Manassas, VA) containing 5% FBS and disrupted mechanically using Stomacher 80 Biomaster (Seward, Worthing, West Sussex, UK). Samples were strained, washed, and resuspended in 36% Percoll (Amersham Pharmacia Biotech, Piscataway, NJ) followed by gentle overlaying onto 72% Percoll. After centrifugation at 1000 ϫ g for 30 minutes at room temperature, KMNCs were collected from the Percoll interface, washed twice, and counted on a hemocytometer using trypan blue exclusion.
Isolated KMNCs were preincubated with anti-CD16/CD32 Fc receptor blocking antibody for 10 minutes to minimize nonspecific antibody binding. Cells were then incubated with anti-mouse anti-CD19, CD21, CD38, CD40, CD69, CD126, CD138, IgM, and MHC class II (all from BD Biosciences except for anti-mouse FITC-conjugated anti-IgM antibody from eBioscience, San Diego, CA) for 25 minutes at 4°C, washed with FACS buffer, and fixed in 1% paraformaldehyde solution. Four-color immunofluorescence staining was acquired and analyzed using a FACSCalibur instrument (BD Biosciences, San Jose, CA) and FCS Express V3 (De Novo Software, Los Angeles, CA). Each assay included at least 10,000 gated events.
Mouse BLC (CXCL13) Immunoassay
Mouse BLC (CXCL13) was measured on kidney protein samples extracted from whole-kidney tissues using mouse BLC immunoassay kit (R&D Systems, Minneapolis, MN) according to the manufacturer's protocol. BLC concentration (pg/ml) of all samples was divided by protein concentration (mg/ml) for normalization.
Isolation of B Cells and Adoptive Transfer into MT Mice
Mature B cells were isolated from spleens of C57BL/6J mice using a mouse B cell enrichment kit (StemCell Technologies, Vancouver, British Columbia, Canada). Briefly, spleens were macerated in RPMI buffer containing 5% FBS and centrifuged, followed by red blood cell lysis using 1ϫ red blood cell lysis buffer (eBioscience). The splenocyte pellet was resuspended in PBS with 2% normal rat serum. The cell suspension was incubated with SpinSep mouse B cell enrichment cocktail, biotin selection cocktail, and dense particles sequentially. Then samples were diluted and layered on top of the SpinSep density medium. After centrifugation at 1200 ϫ g for 10 minutes at room temperature, B cells were collected from the top of the density medium. B cells were resuspended in sterile normal saline and injected into MT mice on day 1 after renal IRI. We used a B cell isolation method based on negative selection to avoid any disruption of B cell integrity. Mean purity of CD19-expressing mature B cells analyzed with flow cytometry was 95%. Approximately 1.5 ϫ 10 7 cells were injected into the tail vein and 4.5 ϫ 10 7 cells were injected into peritoneal cavity in each mouse. The amount of B cells injected into the BASIC RESEARCH www.jasn.org tail vein was similar to a recent report using the same strain of B cell-deficient mice. 51 Mice were killed on days 3, 10, and 28 after IRI.
Administration of Anti-CD126 Antibody MR16-1 was provided by Chugai Pharmaceutical Co. (Tokyo, Japan). Control Ig (rat IgG) was purchased from Innovative Research (Novi, MI). Both MR16-1 and control IgG were diluted with sterile normal saline, and 50 mg/kg of each was administered into the peritoneal cavity every 5 days starting at day 1 after renal IRI. Mice that received either MR16-1 or control IgG were killed on days 10 and 28 after IRI.
Tissue Histologic Analysis
Kidneys were harvested after exsanguination. Tissue sections were fixed with 10% buffered formalin followed by paraffin embedding and stained with H&E, periodic acid-Schiff, or Masson's trichrome. Renal tubular damage, atrophy, and regeneration were scored by a renal pathologist who was blinded to the experimental groups.
Immunohistochemistry of Postischemic Kidneys with Ki-67
Immunohistochemistry staining with Ki-67 was performed on formalin-fixed kidney tissues. Sections (4 m) were deparaffinized with xylene and rehydrated in a graded alcohol series, then placed in citrate buffer solution (pH 6.0). Slides were placed in a pressure cooker and heated with microwave for 10 minutes to enhance antigen retrieval. After cooling, sections were immersed in 3% hydrogen peroxide for 10 minutes to block endogenous peroxidase, then treated with avidin/biotin block and protein block serum-free (DAKO, Carpinteria, CA) sequentially and incubated overnight at 4°C with 1:50 diluted monoclonal rat anti-mouse antibody to Ki-67 (clone TEC-3; DAKO), a 360-kD nuclear protein, expressed by proliferating cells in all phases of the active cell cycle but absent in resting cells. The next day, the slides were incubated with a biotin-conjugated goat anti-rat IgG secondary antibody (Jackson ImmunoResearch, West Grove, PA) for 30 minutes at room temperature, followed by an avidin-biotin horseradish peroxidase complex (ABC peroxidase; Vector Laboratories, Burlingame, CA). 3,3Ј-Diaminobenzidene tetrahydrochloride (Vector Laboratories) was applied to the slides for developing brown color. Counterstaining was done with eosin. For calculation of the tubular proliferative index, Ki-67-incubated slides were also incubated with Höechst Dye solution (Invitrogen, Carlsbad, CA) for 5 minutes in the dark to counterstain total nuclei. Light and fluorescence microscopy of the same field were performed at ϫ200 magnification (Eclipse E600 microscope; Nikon, Melville, NY). Three different areas of cortex, outer medulla, and inner medulla were evaluated for each slide. Images were captured and digitized using Digital Still Camera DXM1200 and ACT-1 software (Nikon) and then analyzed for cell counting using ImageJ software (National Institutes of Health, Bethesda, MD). For each animal, the tubular proliferative index in cortex, outer medulla, and inner medulla was expressed as ratio between the tubular Ki-67-positive cells and total tubular cell nuclei of the examined fields. 36 
Bioplex Protein Array
A panel of cytokines were measured in whole-kidney protein extracts with Bioplex Protein Array system (Bio-Rad, Hercules, CA) according to the manufacturer's method. This is a multiplexed, particle-based, flow cytometric assay that uses anti-cytokine mAbs linked to microspheres incorporating distinct properties of two fluorescence dyes. Our assay was designed to detect and quantify IL-2, IL-6, IL-10, RAN-TES (CCL5), VEGF, MIP-1b, and basic fibroblast growth factor. Each cytokine value was normalized by dividing the raw cytokine concentration (pg/ml) with kidney protein concentration (mg/ml) measured by the Bradford method. BASIC RESEARCH www.jasn.org
Measurement of Serum Cystatin C Level
Cystatin C level was measured with serum samples obtained on day 28 after left renal IRI using ELISA kit (Biovendor, Candler, NC) according to the manufacturer's recommended method.
Measurement of Serum IgM Level
IgM level was measured with serum samples obtained on days 0, 10, and 28 after left renal IRI using ELISA kit (Immunology Consultants Laboratory, Inc., Newberg, OR) according to the manufacturer's recommended method.
Serum Transfer into MT Mice
Serum was extracted from the control (C57BL/6J) mice that underwent left renal IRI or sham operation on day 10. All serum was heated at 56°C for 30 minutes before being transferred to inactivate complement. A total of 0.5 ml of heat-inactivated serum (half into the tail vein and half into the peritoneal cavity) was injected into each MT mice on day 1 after renal IRI. Mice were killed on day 28 after IRI.
Statistical Analysis
All data are expressed as mean Ϯ SEM. Group means were compared using Mann-Whitney test using SPSS 12.0K or ANOVA followed by Newman-Keuls post hoc analysis using GraphPad Prism 4. Statistical significance was determined at P Ͻ 0.05.
